Mapping the precise DNA sequence to which transcription factors bind contributes significantly to understanding the regulation of gene expression. In vitro footprinting techniques are typically employed to examine DNA-protein contacts (3) . Methylation protection-based footprinting (MeP) is specifically used to identify the guanine contacts by a transcription factor because DMS will uniformly methylate guanines in the N7 position unless successfully protected by protein contact (5, 8) . Using this technique, guanines are protected from dimethyl sulfate (DMS) attack after the DNA-protein complex is formed. In addition, this method has unique benefits in that it can also detect local structural deformation of the DNA caused by allosteric interactions with the transcription factor, which are evident as guanine hypersensitivity to DMS after protein binding (2, 6, 7) .
Despite its powerful potential, MeP has been largely neglected as a practical tool for examining the interactions of transcription factors with DNA because, in this solution-based assay, the DNA probe must be saturated with protein or the footprint will be masked by the unbound background signal. Due to this consideration, methylation interference (MeI) is often employed in place of MeP to examine guanine contacts because it is a more reliable method, but it is unfortunately more limited in the information obtained (1) . In MeI, the DNA is premethylated with DMS using one-hit kinetics, purified, then bound to the protein of interest, and the free and bound DNA are segregated using an electrophoretic mobility shift assay (EMSA). If a particular guanine is methylated that is necessary for the DNA-protein interaction, then that DNA molecule is segregated to the free fraction of DNA and is correspondingly missing from the bound fraction of DNA. Therefore, this method is useful for identifying guanine contacts that are necessary for protein binding to DNA. However, unlike MeP, MeI does not provide information about the DNA structural distortion that results from allosteric interactions with transcription factors because the DNA was methylated before its introduction to protein. In addition, MeI cannot always be used for cooperative DNA binding interactions because DNA-protein interactions can be compensated for by protein-protein interactions and the methylation of a singular guanine is not enough to dislodge the protein from the DNA. Thus, for multiple DNA-binding elements that exhibit cooperative binding, we have found that MeI will not provide DNA-protein contact information, whereas MeP is very effective at investigating cooperative DNA binding complexes (7) (Figure 1) .
In an MeI assay, guanines are methylated with DMS on naked DNA optimally with one-hit kinetics in typically a 1-2 -min concentration-dependent reaction. Following methylation, the DNA is purified extensively to remove unreacted DMS before binding the DNA to protein. In contrast, MeP requires the addition of DMS after the DNA-protein binding reaction has come to equilibrium. The most common MeP method employs β -mercaptoethanol to neutralize the DMS after the methylation reaction has reached the desired end point. At this point, the DNA is normally precipitated and cleaved with piperidine; however, the expected footprint can be obscured since both bound and free DNA populations are retained, and in some instances β -mercaptoethanol can disrupt the protein-DNA complex ( Figure 2 ). We set out to compare the effectiveness of both MeI and MeP techniques at exposing guanine contacts important to transcription factor binding to multiple cooperative DNA binding elements within a promoter. Examining the guanine contacts made by the rat androgen receptor DNA binding domain (AR-DBD) on the rat Probasin promoter ( -268 to -76 bp) was an ideal system to use because the proximal Probasin promoter has four known androgen response elements (AREs) that cooperatively interact (4,7). We were able to detect an MeI footprint only when a single ARE was present on the DNA strand (data not shown). If two or more cooperative AREs were present, then no footprint was revealed presumably because protein-protein interactions compensated for the loss of a single guanine contact and could not be distinguished within the bound fraction (data not shown). We then used MeP but found we needed to saturate the DNA probe with protein to see protected guanines. Since DMS is a small molecule (126.13 Da) with no net charge ((CH 3 ) 2 SO 4 ), it was possible to use EMSA to electrophoretically separate the protein-bound DNA probe from the DMS. Furthermore, using EMSA permitted the separation of bound and unbound DNA and therefore precluded the need for saturating the DNA probe with protein.
We incubated 5 µ g purified histidinetag AR-DBD with 2 µ g poly dI-dC and DNA binding buffer (DBB; 20 mM HEPES, pH 7.9, 100 mM KCl, 10% glycerol, 1.0 mM DTT) for 15 min at room temperature. Following this, 35 0 000 dpm (26.5 fmol) of 32 P-end-labeled DNA probe (Probasin promoter: -276 to -76 bp) was added to a final volume of 30 µ L, and the binding reaction was incubated at room temperature for 10 min. To methylate the guanines not involved in AR-DBD binding to the ARE at near one-hit kinetics, DMS was added to a final concentration of 0.18%, and the reaction was incubated at room temperature for exactly 2 min. To separate the DNA-protein complex from the neutral DMS molecule, the reaction was loaded onto a 5% polyacrylamide gel (acrylamide: bisacrylamide, 29:1) containing 0.5 ×TBE with current running at 16 V/cm at room temperature. DNA treated in the same manner, but without AR-DBD added, was used as a control. The gel was run at 16 V/cm at room temperature until the bound and free DNA probes were well separated, covered in plastic film, and exposed to Kodak ® Biomax ® MR radiography film (Eastman Kodak, Rochester, NY, USA) for 2 h. Following EMSA, the bands indicating bound and unbound fractions of DNA are excised and the DNA eluted from the gel by rotation overnight in elution buffer (0.6 M ammonium acetate, 0.1% SDS, 1.0 mM EDTA) at room temperature. Any remaining acrylamide was removed using a miniprep spin column (Bio-Rad Laboratories, Hercules, CA, USA). Using EMSA to separate the protein-DNA complex from DMS also dismissed the need to saturate the probe with protein to see a footprint since EMSA permits the separation of bound and unbound populations.
The DNA probes were ethanol precipitated and resuspended in 90 µ L water followed by incubation for 30 min with 10% (1 M) piperidine. Samples were snap-frozen in liquid nitrogen and centrifuged under vacuum for 1.5 h in a model SC110A SpeedVac ® (Savant Instruments, Holbrook, NY, USA). Each sample was washed twice with 100 µ L water, snap-frozen, and centrifuged under vacuum for 1. overnight at -80°C. Developed footprint images were scanned using a Hewlett Packard ® 6300 dpi resolution scanner. The MeP footprint of androgen receptor cooperatively bound to DNA revealed for the first time guanines that became hypersensitive to DMS methylation (Figure 1 ). Since DMS normally methylates guanines uniformly, the hypermethylation of guanine indicates local distortion to the DNA. Therefore, MeP is an ideal footprinting method for detecting local distortion to the DNA that result from allosteric interactions between a transcription factor and the DNA. This method greatly improves the utility of methylation protection as a tool for readily examining DNA-protein interactions.
Background Activity of Reverse Transcriptases
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Gene expression in mammalian cells can be estimated by analyzing mRNA content by reverse transcription (RT) linked to PCR. The RT stage is particularly sensitive to the reaction conditions because its specificity and/or efficiency are influenced not only by the temperature and composition of the reaction mixture (5,7) but also by several less obvious factors, such as the presence of transport and ribosomal RNAs in the total RNA preparation (3, 4) or stable hairpin structures in the 3 ′ untranslated region (UTR) of mRNA (3) . The contribution of these factors is different with different reverse transcriptases (RTases), which often leads to misinterpretation of RT-PCR results.
In the present study, we investigated the influence of the concentration of RTases from different commercial sources, temperature, and composition of the reaction mixture on the product yield of the RT reaction carried out in the presence or absence of antisense gene-specific primer. The RT reaction was performed on 2 µ g total RNA from human kidneys in 20 µ L final volume for 60 min, either with avian myeloblastosis virus (AMV)-RTase (from either Promega, Madison, WI, USA or USB, Cleveland, OH, USA) [1 U/ µ L RTase; 1 ×AMV-buffer from the corresponding supplier and 1 mM dNTP, or 1 ×AMV/Tfl-buffer (Access RT-PCR System; Promega), 0.2 mM dNTP, and 1 mM MgSO 4 ; reaction temperature -37°C, 42°C, or 48°C] or with RNase H + Moloney murine leukemia virus (MMLV)-RTase (from either Life Technologies, Rockville, MD, USA or Promega) [5, 10, 15 , or 20 U/ µ L RTase; 1 ×MMLV-buffer from the corresponding supplier and 1 mM dNTP; in the case of Life Technologies MMLVRTase, 2 mM dithiothreitol (DTT) was added to the reaction mixture; reaction temperature was 37°C or 42°C], followed by incubation at 95°C for 10 min to inactivate RTase. RT mixture was then diluted to a final volume of 100 µ L, and a 1-µ L aliquot was added to a 24-µ L PCR mixture, containing 0.5 µ M genespecific primer pair, 1 × PCR-buffer, and 2.5 U Taq DNA polymerase (Biomaster, Moscow, Russia); 1 µ g TaqStart ™ antibodies (Clontech Laboratories, Palo Alto, CA, USA) and 60 mM tetramethylammonium chloride (Fluka Chemie, Buchs, Switzerland) were added to the mixture to increase the reaction specificity. PCR was performed in an Omn-E thermal cycler (Hybaid, Franklin, MA, USA) according to the following program: 1 cycle at 94°C for 5 min followed by 35 cycles at 94°C for 1 min, 64°C for 1 min, and 72°C for 2 min. Five microliters of each sample were subjected to 1.5% agarose gel electrophoresis in Tris-borate buffer with 1 µ g/L ethidium bromide. To exclude template contamination in the reaction mixtures used, control RT-PCR was also carried out without total kidney RNA. Primers used for RT and PCR amplification of the Urokinase-type plasminogen activator (uPA) mRNA (S1: 5 ′ -AC -GCTTGCTCACCACAACGACAT TG -C-3 ′ and A1: 5 ′ -TAAGTACATTCCCA -GGCACTGTCACG-3 ′ ) were designed in our laboratory and synthesized on an ASM102U DNA Synthesizer (BIOS -SET Ltd., Novosibirsk, Russia), and oligonucleotide primers for RT-PCR of the homolog of yeast D2-isopentenylpyrophosphate (IPP) isomerase (S2 and A2), hydroxymethylglutaryl-CoA synthase (S3 and A3), dihydrodiol dehydrogenase (S4 and A4), phosphomevalonate kinase (S5 and A5), antioxidant protein 2 (S6 and A6), and glyceraldehyde 3-phosphate dehydrogenase (S7 and A7) mRNAs were commercially available from Clontech Laboratories.
In experiments with MMLV-RTases, we investigated the ability of RTases to initiate cDNA synthesis in the presence or absence of exogenous antisense primer varying two RT reaction para -
